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But not only the degrees of Heat, or points in 
the fcale of temperature, at which the forms of dif- 
ferent bodies are changed, are various; but the 
extent of the variation of temperature under which a 
fubftance can perfevere, or continue to maintain its 
form in its middle fate—that of fluidity—or rather, 
liquidity,—is very different in different bodies: and 
this laft circumftance has a wonderful effeét in’ in- 
creafing the variety of the compofitions and decom- 
pofitions which are continually taking place in the 
various operations of nature on the furface of the 
globe. : 

Another circumftance, not lefs prolific in events, 
is the union which takes place between bodies of 
different kinds; and thofe moft important changes 
th regard to the degrees of Heat which the bodies 
fo united can fupport without having their forms 
changed, which are found to refult from fuch 
union. 

When, to the eftablifhed laws which have been 
difcovered in the operations of nature in the change 
of form in fubftances that appear to us to be /imple, 
we add thofe which ‘have been found to obtain in 
the changes of form of bodies that are known to be 
compounded, we fhall perhaps be able to conceive 
fome more diftinét ideas with regard to the nature 
of thofe mechanical operations which take place in 
chemical proceffes.—I call them mechanical,—for 
mechanical they muft of neceflity be, according to 
the moft rigid interpretation of that expreffion. 

But the hypothefis of the exiftence of intenfe 


Heat in the midft of cold liquids is fo new, and 
feems 
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feemas-tobe fo contrary to the refult ofeall our.ex- 
perience and obfervation, that I feel it to be necef- 
fary to take fome pains to illuftrate the matter. 

‘And firft, we muft not expect always to find 
traces remaining of the exiftence of intenfe Heat, 
even where there are the ftrongeft reafons to think 
it has aétually exifted; for as often as Heat is dif- 
perfed, or carried off, before it has had time to pro- 
duce any changes of form, or chemical changes or 
combinations in the bodies to which it is commu- 
Bicated, it leaves yo marks behind it. 

_. Fire-arms are often found to mifs fire, even when 

many live fparks from the flint and fteel attually 
fall into the pan among the priming ; but nobody, 
furely, will pretend that the fmall particles of red- 
ot irox which fail among the grains of the gun- 
powder, and cool in contaé with them, are not in- 
tenfely hot ;—incomparably more fo than would be 
neceflary to inflame the powder were their Heat of 
futlicient duration to produce that effect. Had thefe 
{mall fparks been invifible, it is highly probable that 
their exiftence would never have been fufpected, 
and that the fa& which they prove would not have 
been believed. 

‘That: gunpowder may be inflamed, it is neceflary 
that the fulphur which conftitutes one, of its compo- 
nent parts fhould be firit melied,-and then boiled ; 
for it is the vapour of boiling fulphur which always 
takes fire when gunpowder is kindled. 

Were melted fulphur a condu¢tor of Heat, there 
ig reafon to think that gunpowder would be very 
far from being fo inflammable as we find it to be. 

As 
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As thofe who have not been much accuitomed. 
to meditate on the fubjec&t under confidération may 
find fome difficulty in conceiving how it is poflible 
for intenfe Heat to be excited in, or to exif in the 

midft of a mafs of any cold liquid, as-of water for 
inftance, without immediately producing vifible ef- 
fedts, I feel it to be my duty to put that matter in 
the cleareft light poffible, and to fhow that what I 
have confidered as being probable is moft undoubt- 
edly very far froth being inpoffible. 

The beit method of proceeding in inquiries of 
this kind, where the principal object is to difcover 
whether a fuppofed event, which,. from its nature, 
cannot fall under the cognizance of our fenfes, is, 
or is not poffible, feems to me to be, to begin by 
fuppofing the event to have actually taken place, 
and then to trace its neceflary confequences, and 
compare them with thofe appearances which are 
aually found to take piace. 

‘Adopting this method, we will fuppofe a quantity 
of pure water, at the mean temperature of the at- 
mofphere in England, that of 55° F., to be put into 
a clean and very tranfparent glafs tumbler, placed 
in a window and expofed to the direét rays of the 
fun. If the glafs and the water are both perfectly 
tranfparent, it is evident that no Heat will be gene- 
rated in either of them by the fun’s light. 

If now a fmall particle of any opaque folid body 
be fufpended in the midft of the water in the tums 
bler ; thofe rays of light, which, impinging againft 
it, are abforbed by it, muft neceffarily ‘generate 

Heat 





ies 
Heat:‘in the very moment when they are ftopped.. 
‘This is an incontrovertible fa@, which nobody will 
difpute. 

Jn order to render this imaginary Experiment 
more interefting, we will fuppofe the folid body put 
into the water to be a {mall perticle of yellow "am- 
ber; and that its fpecific gravity is fo exactly equal 
to that of the water thatit has no tendency to move 
in it,either upwards or downwards, and confequently 
will remain in the fituation where‘t is placed, with- 
Gut being fufpended ; and we wiil fuppofe farther, 
that this folid particle of amber is nearly globular, 
atid ,4,¢ of an inch in diameter, which is juft equat 
to the diameter of a fingle thread of filk, as fpun by 
the worm; and is probably one of the {malleft cb- 
jects that is perceptible by the human eye, unaffifted 
by art. 

” As it is evident that Heat muft be generated, or 
excited, in this {mall particle’ of amber, by the light 
it ftops or abforbs, the points which remain to be 
@ifcuffed are, therefore, what its inten/ity is at the 
moment of its exiftence? and what are the effects 
which it ought to produce in confequence of that 
intenfity ? 

The reafons have already been mentioned which 
render it probable that when Heat is generated by 
the rays of light its intenfity, where it is generated— 
and before it has been diminithed in confequence 
of its difperfion, is always the fame: and taking 
it for granted that this is the cafe in fadt, we will 
‘endeavour to trace the operations of that Heat,—~ 

extreme 
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extreme itv its intenfity, ot degree, but fitiall in're: 
. gard:to its quantity, or to the fpdte #t ‘occiupies,— 

which is generated in the particle of amber in \ the 

Experiment under confideration. : 

As this Heat muft firft exit whete'it is genes 
rated, it is evident that it muft exift at the furface 
of the particle of amber; and as all {lid bodies 
are, in a greater or lefs degree, conductors of Heat, 
a part of this Heat will penetrate the fubftance of 
the folid particle} while another part of it will be 
carried off by the cold particles of water in contact 
with the furface thus heated-by the light. 

It remains therefore to be determined what the 
effeéts are which this Heat fo abforbed, on the one 
hapd , by the folid particle of amber, and commu- 
nicated to the water on the other, ought ncceffarily 
to produce. And frit, if the difperfion of the 
Heat by both thefe means fhould be fufficiently 
rapid to prevent its accumulation to fuch a degree 
as to melt the amber, it is evident that no vifible 
effe&ts by which its exiftence could be difcuvered- 
would be produced in that fubftance; and this 
event—(the fufion of the amber)—will depend oni 
three circumftances ; namely, Firft, on the tempe- 
rature at which amber melts ;—Secondty, on the 
facility with which Heat expands and is difperfedt 
in a folid mafs of thet fabftance, of on its condtuét- 
ing power ;—and Thirdly, on the rapidity with 
which the Heat generated at the furface of the 
amber is carried off by the cold Fluid in which it is: 
immerfed. 

VoL. 1. cc Though 


5p Of ihe Probitkation of Heat 


Thigh T.do not think there would. he any rea- 
 furprife, even admitting the exiftence of the 
‘fippofed intenfe Heat, fhould the amber be found 
not to be melted under the circumftances defcribed ; 
yet, it appears to me to “be extremely probable, 
that, if amber, in a very fine powder, were mixed: 
with any tranfparent oil, capable: of fupporting a. 
great degree of Heat without being reduced to va- 
pour, and expofed in it to the dire&t rays of a very 
bright fun, the amber would meltyand be diffolved ; 
though perhaps very flowly. 

But if amber does not melt when expofed in wa- 
ter to the ation of the fun’s beams, and confe- 
quently fuffers no vifible change by which the ex- 
iftence of the Heat fuppofed to be generated’at yits 
furface by the light can be detected, ought not this 
Heat, were it in fad as intenfe as it is fuppofed to 
be, to produce fome vifible effects in the water, by 
which its exiftence would neceffarily be difcovered ? 

~To refolve this doubt, we muft inquire what vi- 
fible effets it would be poflible for the Heat in 
queftion to produce in. the water. Now if we fup- 
pofe the water not to be decompofed by this Heat, 
which, as no chemical changé is fuppofed to take 
place in the amber, cannot happen, the only effect 
this Heat can poflibly produce on the water is an 
increafe of its temperature, which increafe mutt, 
however, be much too fmall to be detetted, either 
by the feeling, or by the thermometer. 

... It might perhaps be expected that steam would 
‘be found at the heated furface of the particle of 
amber, 








atnbet, and.become vifibfe ; but when: we confides 
the mattér for a moment, we ffiall fee. ‘that it is 
quite impoffible that fach an event fhould happen ; 
for even on the fuppofition (which however ‘is far 
from being probable)—that the fame individual 
particles of water which come into contaét with the 
hot furface of the amber fhould remain in conta 
with it till their temperatures fhould gradually be 
raifed to that point at which water is changed to 
fteam ; yet, fron the extreme rapidity with which 
fteam condenfes when in contact with cold water, 
it is evident that it could not exif an inftant tinder 
the circumftances here fuppofed. Indeed we have 
direét proofs that fteam cannot exift under fach cir- 
pages: by what is found to happen when large 

affes of iron, or fteel, raifed to a moft intenfe 
heat, in a blaft furnace, are fuddenly plunged into 
cold water, by fmiths, in tempering edge-tools; for 
thefe maffes of red-hot metal may be diftinétly feen 
to be in a€tual contaét with the cold water ; and did 
not a part of the water, which is decompofed by the 
hot iron, make its efcape in the form of inflamma- 
ble air, it is not probable that there would be any 
vifible appearance from which the formation of 
fteam could be fufpeéted. 

Hence we fee the poflibility of the exiftence of 
intenfe Heat in the midft of a mafs of cold water, 
or of any other tranfparent liquid, without ‘pro- 
ducing any vifible effects ; or leaving behind it any 
traces by which its exiftence could be fufpetted. 

. Let us now confider a cafe in which this intenfe 
Heat, though perfectly imperceptible on account 
cca of 
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of the. extreme. minutenefa of the particles of mat- 
3 os ich it is capable rieverthelefs of pro- 
dading very vilible-effe@ts. Let us fuppofe a folu- 
tion, of nitro-muriate.of gold, in‘ water, to be ex- 
pofed to the aétion of the fun’s rays. If this fo- 
lution were pérfecily tranfparent, no Heat could 
poflibly be generated in it by light ; but as it is not 
fo, Heat, in the higheft degree of intenfity, muft 
neceflarily be generated by thofe opaque particles 
(of the oxyd of gold) by which it js topped. Now 
as gold is a very heavy fubftance, it is evident 
that it muft be reduced to extremely {mall parti- 
cles in order that, when changed to an oxyd by 
its union with oxygen, it may be diffolved in and 
continue fufpended in water; and it is clear. that 
the fmaller any infulated particle of matter is, Lt 
the furface of which Heat is generated in confe- 
quence of the abforption of light, the more fud- 
denly muft the Heat fo generated be difperfed 
through the whole fubftance of the particle, and 
the more equally and more intenfely muft that par- 
ticle be heated: from hence it appears evidently, 
that, if the particles of the oxyd difperfed about in 
‘the water are but /mail enough, the Heat generated 
in them by the fun’s rays will be fufficient to ex- 
pel the oxygen united to the gold, and revive 
that metal. 

There is one very obvious objefion, that will 
doubtlefs be made to this conclufion, which, how- 
ever, may eafily’be removed. The particle of the 
metallic oxyd which is fuppofed to be heated, is in 
contact with the water; how does it happen that 

a great 
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a great patt of this Heat does net imiediately pal 
off into that cold Fluid? I might anfwer,-becaufe 
both water and fteam are non-conductors-of Heat; 
—and might adduce in fapport of this reafoat the 
well known fad, that a drop of water dropped on 
a piece of iron, heated to moft intenfe white Heat, 
will remain fome time on the iron without being 
evaporated, even confiderably Jonger than ifthe 
iron were much lefs hot;—but a circumftance 
attending the Beautiful Experiment in which. iron 
is burned in oxygen gas, affords a more dire& 
proof of the fat in queftion. 

As this Experiment is commonly made, the iron, 
which is a piece of {mall wire, a few inches long, 
isyimtfoduced into a bottle, with a narrow neck, 
~which contains the oxygen gas; the wire being 
fixed in its place, by caufing its upper end to pafs 
through a cork ftopple, which is fitted to the mouth 
of the bottle. The lower end of the wire is pointed’; 
and it is fet on fire by being firft heated in the flame 
of a candle, and then plunged fuddenly, while red- 
hot, into the bottle. The combutftion begins the 
moment the end of the wire enters the oxygen gas; 
and the metal continues: to burn with the utmoft 
violence, and with a copious emiffion of intenfe 
white light, till the wire, or till all the gas is, can 
fumed, affording one of the moft brilliant and molt 
interefting fights that can be imagined. . 

The produ& of this combuttion is the oxygena- 
tion of the iron; and this metallic oxyd, in a ftate 
of fufion, and heated to ze moft intenfe white _ 

cc3 


58a Of the Propagation. of Heat 

fall the Bottom of the’ bottle in globules of dif. 
ferent fizes. 

To protett the glafs againft’ thefe drops of calx 
of iton in fufion, it is ufual to leave a quantity of 
cold water in the bottle, enough, for inftance, to 
cover its bottom to the height of about an inch : 
but I have frequently feen numbers of thefe glo- 
bules, much fmaller than peas, which have not only 
defcended red-hot through the water; but have re- 
mained red-hot at the bottom othe bottle, fur- 
tounded'by the water, at leaft two or three feconds ; 
and aétually melted the glafs on which they repofed, 
(and as far as I can recolleé,) without producing 
the {malleft appearance of fteam. 

The water could not, be decompofed, for thé iran 
was already faturated with oxygen. * 

This Experiment will, I fancy, be confidered as 
affording an indifputable proof that intenfe Heat 
may exift, at leaft for a fhort time, in a fmall par- 
ticle of matter furrounded by a cold Fluid. 

Now, as it has been found by a€tual Expeziment, 
that when a folution of nitro-muriate of gold in 
water is expofed to the aétion of the fun’s rays, the 
gold is revived ; and as it is known that an oxyd of 
gold may be reduced in the dry way, without ad- 
dition, or merely by intenfe Heat, why fhould we 
not conclude that it is merely by Heat that thet 
metal is revived in the cafe under confideration,— 
‘and that the intenfity of the Heat by which this 
oxygenation is effected, is precifely the fame in both 
gales? 

; Should 
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Should: this fuppofition: be ‘admitted, we might; 
perhaps, tenture to proceed ane ftep farther, and 
confider the nature and: progrefs of the mechanical 
operations which take place in. difoxygenatiop of 
metals, or their precipitation from a ‘folution ‘of 
their oxyds, when that operation is effected by means 
of Heat generated, —not by light,—but by the ¢an= 
tact or union of infinitely fmall particles of bodies, 
different in kind, and difpofed to generate or to. 
abforb fenfible Heat on coming together; which 
particles being difperfed about in the liquid folution, 
and in the fubftance added to it to effeét the preci- 
pitation, are by this mixture brought into contact. 

This would naturally lead us to an examination 
of the phenomena of folution,—and thofe clearly 
viderftood would, no doubt, give us a diftinct view 
of the mechanical operations by which thofe ten- 
denciés to union are effected, which have been de- 
fignated under the name elective attraction. 

But how arduous an undertaking! what intenfe 
ftudy !—what efforts of the imagination would be 
neceflary to trace out and form diftin& ideas of 
fuch a fucceffion of events, all perfeétly impercep- 
tible by our organs, though aflifted by all the re- 
fources of art ! 

Senfible of my own weaknefs, I dare not aces 
any farther.—Perhaps it will be thought that I 
have already advanced much too far ;—but it is 
right that I fhould acknowledge fairly, that in the 
prefent cafe, the temerity I have fhown has not 
been entirely without defign. 

There are two ways in which philofophers,' a8. 
well as other men, may be excited to ation, and 
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jyopd to engage zealoully in the inveltigation of 
any curious fubject of ingwiry :—they ntay be en. 
theed,—and they. may he provoked, 

It will probaby not efcape the penetration of my 
reader, that I have endeavoured to ufe both thefe 
methods.—I am well aware of the danger that at- 
tends the latter of them; but the paflionate fond. 
nefs that I feel for the favourite objects of my pur- 
fuits frequently hurries me on far beyond the 
bounds which prudence would k to circum. 
feribe my adyenturous excurfions; i 
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An Account of a Variety of Mifcellancous Experie 
ments.—Thermometers with cylindrical Bulbs may 
be ufed to foow that Liquids are Non-conduétors of 
Heat.—Ice-cold Water may be heated and made to 
boil fanding xy Ice.—Remarkable Appeanantes at 
tending the thawing of Ice, and the melting of Tal- 
low, and of Bees-Wax, by means of the radiant Heat 
projected downwards bya red-hot Bullet.— Beautiful 
Cry/tals of Sea-Salt formed in Brine fanding on Mer- 
vury~=Olive Oil foon rendered colourlefs byExpofure 
to the Air ftanding on Brine.—An Attempt to caufe 
radiant Heat from a red-bot Iron Bullet to defeend 
in Oil.—Account of an artificial Atmofphere in 
which horizontal Currents were prodaced by Heat. 
—Conjettures refpetting the proximate Caufes of the 
Winds. 


4 ea this Effay is already grown to a much 
larger fize than I originally intended, and 
even larger than I could have withed ;—(well 
knowing how great an evil a great Book is gene- 
rally thought to be)—I could not bring it to a 
conclufion without adding one Chaptervmore.’ In 
this Chapter the reader will find accounts of feveral 
Experiments, fome of which he will probably con- 
fider as not altogether uninterefting. To take up 
as little of his time as poflible I thall be very brief 
15 in 
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in, thefe‘accoiunte, and in general fhall leave the 
‘gedder to, draw bis own conchifions from the re- 
*falts of the Experiments I thail defcribe. 


§ 1: An Account of feveral fimple Experiments, which 
Show that Heat does not d:fcend in Fluids. 


If a thermometer conftructed with a long apd 
narrow, naked cylindrical bulb,—(6 inches long, 
for inftance, and $ an inch in dameter,)—and 
filled with mercury, oil, fpirits of wine, or any 
other Fluid proper for that purpofe, with which it 
is required to make the Experiment in queftion ; 
fuch thermometer being at the temperature of the 
air in fummer, or at any temperature doeve the 
point of freezing water, if the lower end, or half, 
of its bulb be plunged into a glafs tumbler filled 
quite full to the brim with pounded ice aud water, 
the height of the Fluid in the tube of the inftru- 
ment will fhow that half the Fluid in the cylindri- 
cal bulb of the inftrument is ice-cold, while the 
temperature of the ofher half of it remains un- 
changed. 

The refult will be the fame, when, to prevent 
the communication of Heat from the air during 
the Experiment, that part of the bulb of the ther- 
mometer (the fuperior half of it) which projects 
above the level of the top.of the tumbler is cover- 
ed with a fheath lined with foft fur. : 

‘When more or lefs than half of the bulb of the 
thermometer is plunged into the ice and water, the 
height of the liquid in the tube of the inftrument 

will 
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will fhow, that that part only of the Fluid in the 
bulb is cooled which occupies the part of the bulb 
that is immerfed in the ice and water. 


§ 2. Ice-cold Water, landing on Ice, may be heated and 
made to boil without melting the Ice, contrary to am 
Opinion that has generally prevailed. 


Take a thin glafs tube, 1 inch in diameter, and 
about 8 or 10 inghes long, containing about two 
or three inches of water, and by plunging the end 
of the tube into a freezing mixture of pounded ice 
and fea-falt caufe the water in the tube to congeal < 
this being done, pour two or three inches of ice- 
cold watéf on the ice; and wrapping up about two 
inches of the lower end of the tube with a piece 
of flannel, and holding it inclined at an angle of 
about 45°; by that part of it which is fo covered, 
bring that part of the tube which is at the height 
of the furface of the Fluid-water to be juft over 
the point of the flame of a burning candle, and 
diftant from it about two or three inches. When 
the water in that part of the tube begins to boil, 
the tube may be advanced flowly over the flame of 
the candle; and if due care be taken to prevent a 
too fudden application of the Heat, all the water 
in the tube to within one quarter of an inch of the 
ice may be brought into the moft violent ebullition 
before the ice will begin to be melted, and at laft 
will appear to boil even at the very furfacc of the 
ice, 


§ 3. The 
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$3 The radiant Heat from a red-hot Iron Bullet does 
cnot appear to be able to make its Way downwards 
through liquid Water, nor through melted Tallow, 
nor melted Wax. 


1ft Experiment.—A very {mall mercurial ther- 
mometer, with a naked globular bulb, was laid 
down in an horizontal pofition on two {mall pro- 
jetions of wax, in the bottom of a fhallow wooden 
dith, in fuch a manner that the €ngraved fcale of 
the thermometer lying uppermoft, the height of 
the mercury in its tube could be obferved. This 
being done, I poured cold water into the dith till it 
ftood at the height of about of an inch.qbove the 
bulb of the thermometer, and then prefented to 
the thermometer an iron bullet about 1; inches 
in diameter, red-hot, which I held (by means of a 
fit handle) dire€tly over its bulb at the diflance of 
about an inch. 

The thermometer feemed to take very little 
Notice of the vicinity of the red-hot iron. 

When its bulb was covered with oil the refult 
of the Experiment was much the fame; but when 
it_was expofed naked, or uncovered by a liquid, to 
the rays from the hot iron, it appeared to acquire 
Heat yery rapidly. But the two following Experi- 
ments were ftill more decifive and fatisfactory. 

2d Experiment.—A hallow earthen difh, about 3 
inches deep and 12 inches in diameter at its brim, 
was filled with water, and being expofed in.a cold 
room in winter, the water was frozen, and formed 

a cake 


a cake of ice at its furface, about am imch thick, 
Letting tle dith remain in its place, in order that 
the furface of the ice might remain perfetly hori. 
zontal, (which was neceflary to the completeduc- 
cefs of the Experiment, as will prefently be feen) 
I entered the room with a chafing-dith filled with 
live coals,’ in the midft of which. was myiron bul- 
let, perfe€tly red-hot ; and taking out the bullet 
from among thofe burning coals, I held it over the 
centre of this Rorizonta} fheet of ice, and diftant 
from it about ,', of an inch. 

The ice direétly under the red-hot bullet wag 
foon thawed; but the depth to‘which it was 
thawed was very inconfiderable: the water, how- 
ever, extended itfelf flowly from the centre towards 
the circumference, and at length a circular fpot = 
or 3 inches in diameter in the centre of the furface 
of the ice was covered with it, though but to a 
very inconfiderable depth. 

This little ipreading fea appeared to prey on the 
wall of ice by which it was furrounded on every 
fide. 

The particles of water in conta& with this wall, 
being rendered fpecifically lighter on ‘becoming 
ice-cold, they move upwards, and making way for 
other warmer particles to advance from below, 
caufe currents in oppofite direétions to fet between 
the centre (where the hot-iron remains) and ‘the 
circumference.—As a current at the temperature 
of 41° muft neceffarily fet downwards at the ‘mid- 
dle of the circle, this current ftriking againft the 
middle of the excavation formed in the ice ought 

to 
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to deepen it gradually in that part, though but flow- 
this is what was a@tually found to be the 
ake; for the bottom of* thie excavation was not 
perfeally flat, but was deeper at and near its centre 
than at its fides. 
3d Experiment.—When this Experiment was va- 
ried by ufing a flat cake of tallow inftead of a cake 
of ice, a very extraordinary appearance indeed 
prefented itfelf, which at firft furprifed me very 
much, but which I foon perceived was a new, and 
very ftriking proof that Fluids afe non-conduétors 
of Heat. 
* The bottom of the circular cavity in the cake 
of tallow which was occupied by that part of the 
tallow that had been melted in the Experiment, 
inftead of being concave, as I had found that in 
the ice to be,—or flat,—as I expeéted to find 
this,—was convex in the middle, or rather rofe up 
in the form of a protuberance, or very blunt point, 
the extremity of which reached almoft to the fur- 
face of the melted tallow! As the iron bullet was 
held as near as poffible to the tallow, the end of 
this projection, which remained unmelted, was cer- 
tainly not more than ,% of an inch diftant from 
this red-hot ball! Refleting on the unexpected re- 
fult of this Experiment I was much ftruck, and not 
a little humiliated, with the proof it feemed to me 
‘to afford of the impoffibility of predicting with 
certainty any event, however inevitable it may 
appear, which has not actually been feen to 
happen. 
Though 


Though I well knew how .thé’ Heat mutt be 
communicated under the given‘ circumftances, and 
could foretell with certainty the dire€tions of the 
currents it muft neceflarily occafion in the meting 
tallow; yet, the utmoft efforts of my intellectual 
powers, exercifed as they were by much meditation, 
were not fufficient to enable me to forefee that the 
point where leaft Heat would be communicated was 
that  precifely which was neareft to the red-hot bullets 
and that a ce si of unmelted tallow would 
be left in that place. 

Let thofe be very cautious who {peculate on the 
fuppofed refults of Experiments they have never 
made! 

On repeating this Experiment, and varying it by 
ufing a cake of fine bleached bees-wax, inftead of 
tallow, the refult was much the fame: the protu- 
berance, however, in the middle of the circular 
cavity occupied by the melted wax, though per- 
fectly perceptible, was lefs confiderable, in height, 
than that in the cake of tallow. 


§ 4. Beautiful Cryftals of Sea-Salt formed in Brine 
Standing on Mercury. 


A {mall quantity of ftrong brine, ftanding on 
mercury in an open glafs tumbler, having by ac- 
ident been left in a room in a retired part of the 
houfe, I obferved at the end of about fix months, 
that two beautiful cryftals of falt, perfeétly qua- 
drangular, had been formed in it, one of which 
was 4% of an inch long, 33 of an inch wide, 


and 
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and Jy ¢f am inch in thicknefs; and the other 15 of 
aninch long, 72 of an inch wide, and 45 of an 
‘iaich thick. ©. 

“4 ‘Bid the Fluid mercury on which this brine re- 
pofed contribute?—and how?—to the regularity 
of the form, and the uncommon fize of thefe 
eryftals?—And might not beautiful cryftals of 
other falts be procured by fimilar means? 


§ 5. Olive Oil rendered colourle/s Ly Expofure to the 
Air fianding on Brine. 


A quantity of olive oil, about } of an inch ina 
depth, having by accident been left ftanding in 
an open glafs jar, about four inches ini diameter, 
on about a quart of brine, moderately ftrong, in 
a retired room, where the fun’s rays never enter ; 
at the end of about fix months I obferved that 
the oil had become perfectly colourlefs, and ap- 
peared to me to be nearly as tranfparent as the 
pureft water. On the approach of winter I found 
that this oil was much more liable to be congealed 
with cold than oil of the fame kind which had 
ftood near it many months in a large glafs bottle 
clofed with a cork, 


§ 6. An wnfuccefiful Attempt to caufe radiant Heat 
from a red-hot Iron Bullet to defcend in Oil. 


Having poured a quantity of this colourlefs oil 
into a glafs tumbler, and caufed it to congeal 
throughout, I prefented to its upper furface a red- 
hot iron bullet, 14 inches in diameter, and held 

it 
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it quite clofe to the oil, feveral minutes, till the 
bullet ceafed to be red-hot. As the oil feemed 
rather to be merely thickened by the cold, and to 
have loft its tranfparency in confequence of the 
prefence of a number of opaque particles, which 
wore everywhere difperfed about in it, than to be 
congealed intra folid mafs, I thought that if it 
were poflible for-radiant Heat to defcend in any 
Fluid it might pert in this ; and if this fhould 
happex, T was-sertain\to make the difcovery by 
the manner in wIX 
rency ; for fhould 







the oil recovered its tranfpa- 
jant Heat defcend, the form 
of the mafs of oil ftored to its tranfparency 
“mutt neceffarily have bedn hemifpherical, or fome 
feétion of a fphere, or at leaft of fome convex 
figure : but the under part of that part of the oil 
which was reftored to its tranfparency in this Expe- 
riment was, to all appearance, as perfeétly flat and 
horizontal as the upper furface of it, which proves 
that the Heat, by which the congealed oil was 
thawed, was communicated to it,—not immedi- 
ately by the red-hot bullet,—but mediately by 
means of the Heat abforbed by or generated in the 
fides of the tumbler. This Experiment appears 
to me to be important in many refpeéts ; but it 
would be foreign to my prefent purpofe to engage 
in an inveftigation of the fubject with which it is 
moft intimately connected. 

I cannot finifh this Eflay without giving my 
reader an account of one more Experiment, the 
refult of which was not only quite unexpected, but 
uncommonly interefting. 

VOL. II. DD Happen- 


376 Of the Propagation of Heat 


Happening accidentally to place in a window 
the little inftrument I had contrived fof rendering 
vifible the internal motions which are occafioned 
in water when Heat is propagated in that Fluid *, 
as“it was winter, and the room was warmed by 
a German ftove, that fide of the inftrumeit’ Which 
happened to be neareft the window-feing expofed 
to acurrent of cold air, while-the inftrument re- 
ceived Heat continually on he other fide from the 
warmer air of the room, fae liqria in’ “the ‘inftrue 
ment was thrown into motions which never ceafed, 
and afforded a very interaftiny fight. 

With a view mercly }.¢ amufe myfelf, and the 
friends who fhould happén to call in to vifit me,— 
and without the fimalleft expeétation, of making 
any new difcoveries,—I contrived, and caufed to 
be executed, the inftrument I am now about to 
defcribe, which I thought could not fail to render 
thefe motions perpetual, and exhibit them in a 
ftriking manner. 

A flat box was formed of two equal panés,éa¢ch 
13 inches high, and 10} inches wide, of fine 
ground glals, fitted into a fquare frame of brafs 
in fuch a manner, that thefe two panes (which are 
parallel to each other) are at the diftance of 1 
inch from each other. In the middle of the top 
of this brafs frame there is a circular opening 
about ¢ an inch in diameter, into which a projett- 
ing cylindrical brafs tube, about half an inch in 
length, is foldered ; and in the middle of the bot- 


* For a defcription of this inftrument fee Chapter IL, of this Effay. 
tom 
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stom of the frame there is a fimilar tube which 
projedis downward. The firft of thefe openings 
ferves for introducing into the flat box the liquid 
with which it is filled; and the other for drawing 
it off; and they are both well clofed with fit 


flopplesv£,cork. ’ 
“ On both “des of this brafs frame there are 


deep grooves intd~which the panes of glafs are 
fitted,,and the box was made water-tight by luting 
the “joinings of the gafs with the frame with gla 
ziers putty. - Onythe,outfide of the frame there 
are thin Pein fheet brafs, by means of 
which the box was fix¥d in one of the fathes of a 
window in my room, where it occupied the place 
of a pane'gfglafs, which was removed to make 
way for it. This wirdow fronts the fouth-eaft, 
and confequently is expofed to the fun a great 
part of the day. 

Having provided a fufficient quantity of the fa- 
ine folutionss(of the fame kind as was ufed in 
conftructing the inftrument above mentioned, con- 
trived for rendering vifible the internal motions in 
Fluids) and having mixed with it a due propor- 
tion of pulverized yellow amber, I now filled the 
box half full with this mixture ; and as the air in 
the room was confiderably warmer than that with- 
out, I expected that the motions in the liquid oc- 
cafioned by the paflage of the Heat would immedi- 
ately commence. 

This actually happened ;—but how great was 
my furprife, when, inftead of the vertical cur- 
rents I expected, I difcovered horizontal currents, 

DD2 running 
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running in oppofite direétions,—one above an; 
other,—or regular winps,—which, fpringing up 
in the different regions of this artificial atmofphere, 
prevailed for a long time with the utmoft regula- 
rity ;—while the fmall particles of the amber col- 
Je@ting themfelves together formed cloude“6f the 
mott fantaftic forms, which being #dffied by tht» 
winds, rendered the fcene perfe fafcinating ! 

It would be impoffible to defcrihe the, avidity 
with which I gazed on thefe ~ fing appear- 
ances. 

In the ftate of Near ¥ then was, it really 







feemed to me that Nature fiz for a moment drawn 
back the veil with whiclt fhe hides from mortal 
eyes her moft fecret and moft interefting opera- 
tions ;—and that I now faw the machiiiery at work 
by which winds and ftorms are raifed in the at- 
mofphere ! 

Nothing feemed to be wanting to complete this 
bewitching fcene, and give it the air of perfect en- 
chantment, but that lightning, in miniature, Tota” 
burft from thefe little clouds: and they were fre- 
quently fo thickened up, and had fo much the ap- 
pearance of preparing for a ftorm, that had that 
event actually taken place, it could hardly have in- 
creafed my wonder and ecftafy. 

There were feveral accidental circumftances at- 
tending this Experiment, which contributed to ren- 
der it more interefting. The fun, which happened 
to be remarkably bright, fhore full upon the win- 
dow where the apparatus was placed ; and as the 
grooves in the frame in which the plates of glafs 

were 
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were fixed were not deep, that part of this frame 
which formed the narrow bottom of the box being 
expofed to the fun’s rays, a confiderable quantity 
of Heat was generated by them in that place, 
as ared by the motions of the particles of 
‘pavaacangpes which lay on the bottom of 


the box, or thufe which were brought there by 
the currents. “, 

Whi: chef. partic'es, on being heated by the 
fun-beams, begay to(move, they firft arofe up 
icully ,-but before they had rifen 
to any confiderable INjgat, they were carried away 
obliquely, and nearly i‘yn horizontal dire€tion, by 
the lower current, anfwering to the wind which, 
in the atniafphere, prevails at the furface of the 
earth. 

The perpendicular rife of thefe particles from 
the bottom of the box, and the fubfequent change 
of their direétiou, called to my remembrance an 
oppasrenee-eer} common in hot countries, which 
{ recollected to have often feen, and by which 
I had often been amufed in my youth: in very hot 
and dry weather, when the wind is ftill and the: 
fun very powerful, the air which lies on the ground 
often appears in the moft violent agitation, refem- 
bling that of a boiling liquid ; which motion is moft 
rapid at the furface of the earth, and appears to 
ceafe at the height of five or fix feet above the 
ground. 

Is not this violent agitation occafioned by the 
conflié& which takes place between the hot and the 
comparatively cold air moving vertically, and in 

DD3 oppofite 
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oppofite directions, very near the furface of th 
ground? And are not the. wimds which prevail 
abcve, occafioned by the efforts of whole /rata of 
air¢o afcend or defcend obliquely? 

The currents I obferved to prevail in rti- 
ficial atmofphere were never perfe@tly !rizontah; 
and if my fufpicions with refpe¢ to the caufe of 
the winds are well founded; neither can thofe 
winds be horizontal which prevail pani nied 
regions of the atmofphere of the earth, though 
they may be very nearly fr. 

‘The greateft velocity o the currents in the fa- 
line liquid in this Experim/Sit was nearly two inches 
in a minute, but their motions were in general 
much flower. As the windows in,the room in 
which this Experiment was made are double, (as 
are all thofe both in fummer and winter in the 
apartment I inhabit) and as the apparatus above 
defcribed occupied the place of a pane of glafs be- 
longing to the infide-window, it was-> my nower, by_ 
opening either the infide-window or the ourfide- 
window, to caufe the Heat on the two oppofite fides 
of the box to be either equal or unequal at pleafure ; 
and by variations which that arrangement enabled 
me to make in the Experiments I produced fevera] 
interefting appearances. 

There was one very ftriking appcarance indeed, 
which never failed to prefent itfelf regularly every 
day during the three weeks that the Experiment 
was continued *. ‘The clouds, after having been 


* An end was put to the Experiment by an accident; the box be- 
ing broken by the careleffnels of a fervant in fhutting the window. 
fhutter, 

driven 
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‘driven about all day by the different currents in 
the liquid, (of which there were fometimes as many 
as fix or feven, running in oppofite direGtions at 
the fame time) never failed to collec themfelves 
togy in the evening, into large mafles ; fome- 
stmes for wag only one, and fometimes two or 
three /trata at diferent heights, where they remain- 
ed, to all appearant perfectly motionlefs, during 
the nigut. 


There can be no queftion with refpe& to the 
proximate caufe zl hzenomenon ; for it was, 
ig a 





undoubtedly owin; ‘\ diminution or total. ceffa~ 
tion of the operation’ $f that caufe,—of thofe 
caufes,—or of fome of them,—by which an ine- 
quality of tex{pcrature in the liquid was produced 
and continued ;—but it would be highly curious to 
inveftigate the more remote caules of this appeare 
ance, and fee how far /ight, or rather the abfence 
of it, was concerned in producing it: but that 
difeufian_.wortd lead me into a very abftrufe 
inquiry,—that refpecting radiant Heat,—which 
would take up more time than I am at prefent able 
to beftow on it. Perhaps I may find leifure and 
courage at fome future period to attempt that 
moft difficult inveftigation. My reader will doubt. 
lefs have obferved that I have hitherto taken pains 
to avoid it. 

I cannot take my leave of the Experiment I have 
been defcribing without giving iy reader a faithful 
account of every thing I can recollect refpetting it 5 
and particularly. of one accidental circumftance, 
which, it is poflible, may have had fome fhare in 

producing 
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producing the interefting appearances gvhich fo" 
powerfully attraéted my attention. 

The faline liquor and the pulverized amber were 
mixed in a bottle, and were not put into the flat 
box till after it had been fixed in the falh or frame 
of the window; but when [ ec ur thig 
mixture into the box I found that“ had not pro- 
vided enough of it. ‘Yo fupp¥ this defect, with- 
out the trouble of emptying she box, I added, at 
feveral different times, pure vaters and a {trong fo- 
lution of. pot-afh, in fuch pfopg:tions as I knew to 
be proper to produce the fj gravity required ; 
and then endeavoured toffnix the whole as inti- 
mately as poflible by agitating the liquor for fome 
confiderable time by means of a lohg ard ftrong 
quill, the end of which I thruit down into the box 
through the hole by which the liquor was intro. 
duced. . 

Whether thofe different portions of liquid were 
in faét intimately mingled by thefe rows, Leannat, 
pofitively determine. They certainly had every ap- 
pearance of being fo; for the amber was evidently 
well mixed, and very equally diftributed in every 
part of the Fluid. But even fhould we grant that 
the liquid remained divided in different rata, ar- 
ranged according to the fpecific gravities of the 
different portions of it that were poured into the 
box at different times, it docs not appear to me 
that the refult of the Experiment would be lefs in- 
terefting on that account, or the application of it 
Jefs fatisfaftory in explaining the cauie of the winds 
in the atmofphere. 

7 Iam, 
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I am, however, far from being defirous that much 
ftrefs fhould be laid on this fingle Experiment, be- 
ing perfeétly fenfible that others may be contrived, 
the refults of which would be more decifive: in 
the mean time it appears to me that the hint given 
us is tod plain not to deferve fome attention. If it 
thould awaken the curiofity of experimental philo- 
fophers, and excite them to farther inveftigation, 
the end I had principally in view in publifhing this 
acccunt of it will be cimpletely anfwered. 
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DESCRIPTION or rut PLATES. 


PLATE Ill. 


1c. 4. This Figure reprefents a vertical fe€tion 

‘of the apparatus ufed in the Experiment 
No. 55. (fee page 315), in which an attempt was 
made to melt the top of a projecting point of ice 
by Heat tranfmitted downwards through olive-oil 
communicated by a folid\cylinder of iron, heated 
in boiling water. 

In this Figure the tall glat\ jar (in the bottom of 
which the cake of ice was Xozen) is ftanding in 
an earthen pan filled with pouhded ice. 

The oi/ is alfo reprefented ftanding on the cake 
of ice in the jar; and the iron cylinder in its fheath 
of paper fufpended in the axis of the jar in fuch a 
manner that the lower end of this cylinder, which 
is flat, is direétly over the pointed projection of ice, 
and diftant from it ,* of an inch. 







PLATE Iv. 


Fig. 5. This Figure fhows the manner in which 
the Experiment No. 57. (fee page 326) was made, 
when pure or frefh water in a glafs jar was made 

to 
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to repofe on brine, or water faturated wit), fea-falt, 
without mixing with it. 

* In this Experiment the fmaller jar, which con- 
tained the brine, the pure water, and a quantity 
of olive-oil by which the furface of the pure water 
was covered, ftood in a larger glafs jar,—which laft 
ftood in a fhallow earthen difh filled with pounded 
ice and water. 

The {pace between the outfide of the fmaller jar 
and the infide of the larger jar was filled, to. the 
height of about an inch above the level of the fur- 
face of the oil in the {maller jar, with pieces of ice 
nearly as large as walnuts, and ice-cold water. 
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INTRODUCTION 


Taso Effay contains nothing that will be new, 
to philofophical readers; for it is little moxe 
than the fubflance of two Papers which hays 
already appeared in the Philofophical ‘T' ranfattions 
of the Royal Society of London; one in the year 
1786; and the other (for which the Author had 
the honour te receive fron..the Society the Copleian+ 
Annual Medal) in the year 1792. 

As reference has frequent'y been made to thefe 
Papers in feveral of the prec'\ding Eflays; and as 
many of the Experiments of vihich an aecount is 
given in them are not only interefting in themfelves, 
but are neceflary to be known in all their details 

_ in order to judge of feveral important conclufions 
that have been founded on their refults, the Author 
has thought that it would not be improper*to 
republifh them under the prefent form. He was 
alfo defirous of adding the fubftance of thofe 
Papers to his Sixth and Seventh Effays, in order 
that all that he has written on the Science of Heat 
might be brought together in one volume, 

The Effays which are deftined to compafe the 
next volume (many of which are already in great 
forwardnefs) are all on practical fubje€ts of a po 
pular nature, and of general ytility 5 and op that 
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account it was judged beft to keep thefn feparate 
from thofe contained in this volume, which par- 
‘take more of the nature of- ab{trufe philofophical 
inveftigations. 

Various unforefeen events have contributed to 
retard the publication of the promifed Effays on 
Kitchen Fire-places—on Cottage Fire-places—and 
on Clothing; but the Author has well-founded 
hopes of being able to bring them forward in the 
courfe of a féw months, 
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‘Of the PropacaTion of Heat in various 
Subftances, 
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CHAP. IL. 


An Account of the Infiruments that were prepared 
for making the propofed Experiments.—A Ther. 
mometer is conftructed whofe Bulb is furrounded 
by a TorRicELLian VacuuM.—Heat is found 
to pafs in a Torricellian Vacuum with greater Diffi« 
culty than in Air.—Relative conduing Powers of 
@ Torricellian Vacuum and of Air with regard, to 
Heat determined by Experiment.—Relative condu&- 
ing Powers of dry Air and of moift Air. — Relative 
conducting Powers of Air of different Degrees of 
Denfity—Reglative condudting Powers of Man= 
cury; Water; Air; and @ TorRicELuaAy 
Vacuum. 


[Read before the Rorat Society, March 9, 1786.4" 


Examine the conduéting power of air, and of 

various other fluid and folid bodies, with re- 
gard to Heat, I was led to examine the conducting 
power of the TorriceHigw vacuum. From the firike, 
ing analogy between *the eleGtric’ fluid: and Heat; 
refpecting their conduCtars sand ‘non-condugori;: 
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et, faa that bodies, in general, which are 
rs of the eleétric fluid, are likewife good 
‘conduétors of Heat, and, on the contrary, that 
leftric bodies, or fuch as are bad conduétors of 
‘the tleétric fluid, are likewife bad conduétors of 
Heat,) I was led to image that the Torricellian 
vacuum, which is known to afford fo ready a 
paflage to the eledtric fluid, would alfo have 
afforded a ready paffage to Heat. 

The common experiments of heating and cool- 
ing bodies under the receiver of an air-pump I con- 
ceived to be inadequate to determining this queftion; 
not only on account of the impoffibility of making 
a perfect void of air by means of the pump; but 
alfo on account of the méift vapour, which exhaling 
from the wet leather and the oil ufed in the ma- 
chine, expands under the receiver, and fills it with 
a watery fluid, which, though extremely rare, is 
yet capable of condu@ting a great deal of Heat: I 
had recourfe therefore to other contrivances. 

I took a thermometer, unfilled, the diameter of 
whofe bulb (which was globular) was juft half an 
inch, Paris meafure, and fixed it in the centre of a 
hollow glafs ball of the diameter of 1} Paris inch, 
in fuch a manner, that the fhort neck or opening 
of the ball being foldered faft to the tube of the 
thermometer 7} lines above its bulb, the bulb of 
the thermometer remained fixed. in the centre of 
the ball, and confequently was cut off from all 
communication with the external air. In the bot- 
tom of the glafs ball was fixed a final hollow tube 
or poigt, which projeGting outwards was foldered 
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tothe efld of a comnion barometer tube about 3 
inches in length, and by means of this opening the 
fpace between the internal furface of the. glafs ball 
and the bulb of the thermometer was filled with 
hot mercury, which had been previouily freed of 
air and moifture by boiling. The ballgand aif 
the barometrical tube attached to it, being filled 
with mercury, the tube was carefully inverted, and 
its open end placed in a bowl in which there was-& 
quantity of mercury. The inftrument now be- 
came a barometer, and the mercury defcending 
from the ball (which was now uppermoft) left the 
{pace furrounding the bulb of the thermometer free 
of air. ‘The mercury having totally quitted the 
glafs ball, and having funk in the tube to the height 
of 28 inches, (being the height of the mercury in 
the common barometer at that time) with a lamp 
and a blow-pipe I melted the tube together, or 
fealed it hermetically, about three-quarters of an 
inch below the ball, and cutting it at this place 
with a fine file, I feparated the ball from the leng 
barometrical tube. The thermometer being after- 
wards filled with mercury in the common way, I 
now poffeffed a thermometer whofe bulb was con 
fined in. the centre of a Torricellian vacuum, and 
which ferved at the fame time as the body to be 
heated, and as the infttument for meafuring the 
Heat communicated. 


Experiment, N° 1. 
With this inftrument (fee Fig. 1.) I made the 
following Experiment. Having plunged it into a 
BR4 veiel 
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elfel filled with water, warm to the 18tt. degres 
of Reaumur’s feale, and fuffered it to rentain 
thete till it had acquired the semperature of the 
water, that is to fay, till the mercury in the in- 
clofed thermometer ftood at 18°, I took it out of 
this veffel and plunged it fuddenly into a veffel of 
boiling water, and holding it in the water (which 
was kept conftantly boiiing) by the end of the tube, 
in fuch a manner that the glafs ball, in the centre 
of which was the bulb of the thermometer, was 
jut fubmerged, I obferved the number of degrees 
to which the mercury in the thermometer had 
arifen at different periods of time, counted from 
the moment of its immerfion. Thus, after it had 
remained in the boiling water 1 min. 30 fec. I found 
the mercury had rifen from 18° to 274. After 
4 minutes had elapfed, it had rifen to 44°,’ ; and 
at the end of 5 minutes it had rifen to 48°,’5 


Experiment, N° 2. 


Taking it now out of the boiling water I fuffered 
it to cool gradually in the air, and after it had ac- 
quired the temperature of the atmofphere, which 
was that of 15°R. (the weather being perfectly 
fine) I broke off a little piece from the point of 
the fmall tube which remained at the bottom of the 
glafs ball, where it had been hermetically fealed, 
and of courfe the atmofpheric air rufhed imme- 
diately into the ball, The ball furrounding the 
bulb of the thermometer being now filled with air, 
(inftead of being emptied of air, as itr was in the 
before-mentioned Experiment,) I refealed the end 

of 
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of the finall tube at the bottom of the: glafs ball 
hermetically, and ‘by that means cut off all. coms 
munication between the air confined in the ‘ball and 
the external air; and with the inftrument’ fo'pre- 
pared I repeated the Experiment before-mentioned ; 
that is to fay, 1 put it into water warmed to 18%, 
and when it had acquired the temperature of the 
water, I plunged it into boiling water, and obferved 
the times of the afcent of the mercury in the 
thermometer. They were as follows : 


Time Heat 


elapfed. acquired. 

Heat at the moment of being lun, ed into . 

the boiling water, = e t 13° R 
M. S. = 


After having remained in the boiling water 0 45 27 
TO 34% 
23100 44:% 


240 ©648r5 
40 S6x% 
5.0 Gore 


From the rufult of thefe Experiments it appears 
evidently, that the Torricellian vacuum, which 
affords fo ready a paflage to the eleétric fluid, fo far 
from being a good conduétor of Heat, is a much 
worfe conduétor of it than common air, which of 
itfelf is reckoucd among the worft: for in the aft 
Experiment, when the bulb of the thermometer was 
furrounded with air, and the inftrument ‘was 
plunged into boiling water, the mercury rofe from 
18° to 27° in 45 feconds ; but in the former Ex- 
periment, when it was furrounded by a Torricellian 
vacuum, it reqhired to remain in the boiling water 1 

minute 


minute 30 feconds =" go feconds, to aequire that 
degreé of heat. In the vacuum’ it required 5 
minutes to rife to 4£°"s ; but in air it rofe to that 
height in 2 minutes 40 feconds ; and the propor. 
tion of the times in the other obfervations is nearly 
the fame, as will appear by the following Table. 


‘The bulb of the thermometer placed in the 
centre of the glafs ball, and 


= 
forrounded by a ‘ 
Torriceltian vacuum. __“FTounded by air. 


(Exp. Ne 1.) (Exp. N° 2.) 





Time Heat Time Heat 
elapfed. acquired. —_elapfed. acquired. 
‘being plunged mat 18° 18° 
water = - 
M.S. ° M.S, ° 
After remaining in it I 30 27 © 45 27 
— 1 0 — 30%ts 
4 0 44% 2:10 4a 
5 9 48y5 240 © 485 
— 4 OO Sb ye 
— — 50 60% 


Thefe Experiments were made at Manheim, 
upon the firft day of July 1785, in the prefence of 
Profeffor Hemmer, of the Electoral Academy of 
Sciences of Manheim, and Charles Artaria, me- 
teorological inftrument maker to the academy, by 
whom I was affifted in making them. 

Finding the conftruétion of the inftrament made 
ufe of in thefe Experiments attended with much 
trouble and rifk, on account of the difficulty of 
foldering the glafs ball to the tube of the thermo- 
meter without at the fame fime either clofing up, 
or otherwife injuring, the bore of the tube, I 

had 


had recdurfé to another contrivance much mote 
commodicus, and much. eafier: in the execu- 

tion, © 
At the end.of a glafs tube or cylinder about 
eleven inches in length, and near three quartets of 
an inch in diameter internally, I caufeda hollow 
globe to be blown 1}; inch in diameter, with an 
opening in the bottom of it correfponding with the 
bore of the tube, and equal to it in diameters, 
leaving to the opening a neck or fhort tube, about 
an inch in length. Having a thermometer prepared, 
whofe bulb was juft half an inch in diameter, and 
whole freezing point fell at about 2} inches. above 
its bulb, I graduated its tube according to Reaumur’s 
{eale, beginning at o°, and marking that point, and 
alfo every tenth degree above it to 80°, with threads 
of fine filk bound round it, which being moiftened 
with lac varnith adhered firmly to the tube. This 
thermometer I introduced into the glafs cylinder and 
globe juft defcribed, by the opening in the bottom 
of the globe, having firft choaked the cylinder at 
about 2 inches from its junétion with the globe by 
heating it, and’crowding its fides inwards towards 
its axis, leaving only an opening fufficient to admit 
the tube of the thermometer. The thermometer 
being introduced into the cylinder in fueh a man. 
ner that the centre of its bulb coincided with 
the centre of the globe, I marked a place in the 
cylinder, about three-quarters of an inch above the 
$oth degree or boiling point upon the tube of the 
inclofed thermometer, and taking out the thermo~ 
meter, I choaked the cylinder again in this place. 
Intro. 





Intraducing now the thermometer for ‘the laft 
time, 1 clofed the opening at the: bottom of the 
globe at the lamp, taking care before I brought it 
to the fire, to turn the cylinder upfide down, and 
to let the bulb of the thermometer fall into the 
cylinder till it refted upon the lower choak in the 
cylinder. By this means-the bulb of the thermo- 
meter was removed more than 3 inches from the 
flame of the lamp. -The opening at the bottom of 
the globe being now clofed, and the bulb of the 
thermometer being fuffered to return into ‘the 
globe, the end of the cylinder was cut off to within 
about half an inch of the upper choak. This being 
done, it is plain, that the tube of the thermometer 
projected beyond the end of the cylinder. Taking 
hold of the end of the tube, I placed the bulb of 
the;thermometer as nearly as poflible in the centre 
of the globe, and obferving and markiny a point in 
the tube immediately above the upper choak of the 
cylinder, I turned the cylinder upfide down, and 
fuffering the bulb of the thermometer to enter the 
cylinder, and reft upon the firft or lower choak, (by 
which means the end of the tube of the thermo- 
meter came further out of the cylinder) the end of 
the tube was cut off at the mark juft mentioned, 
(care having firft been taken to melt the internal 
cavity or bore of the tube together at that place) 
and a fmall folid ball of glafs, a little larger than 
the internal diameter or opening of the choak, 
was foldered to the end of the tube, forming a 
little button or knob, which refting upon the upper 
choak of the cylinder ferved to fulpend the thermo- 

meter 
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meter in fuch a manner that the centre of i its bulb 
coincided’ with the centre of the globe in which it 
sas fhut up. The end of the cylinder above the 
upper choak being now heated and. drawn out to 
arpoint, or rather being formed into the figure of 
the fruflum of a hollow cone, the end of it was 
foldered to the end of a barometrical tube, by. t eo 
help of which the cavity of the cylinder and globe 
containing the thermometer was completely voided 
of air with mercury ; when, the end of the cylinder 
being hermetically fealed, the barometrical tube 
was detached from it with a file, and the thermé- 
meter was left completely fhut up in a ‘Torricellian 
vacuum, the centre of the bulb of the therinome- 
ter being confined in the centre of the glafs globe, 
without touching it in any part, by means of the 
two choaks in the cylinder, and the button upon 
the end of the tube. (See Fig. 2.) 

Of thefe inftruments I provided myfelf with two, 
as nearly as poffible of the fame dimenfions; the 
one, which I fhall call N° 1. being voided of air, 
in the manner above defcribed ; the other, Ne 2. 
being filled with air, and hermetically fealed. 

With thefe two inftruments (fee Fig. 2.) I made 
the following Experiments upon the 11th of July 
laft at Manheim, between the hours of ten and 
twelve, the weather being very fine and clear, the 
mercury in the barometer ftanding at 27 inches 11 
lines, Reaumur’s thermometer at 15°, and the 
quill hygrometer of the academy of Manheim 
at 47° 

Experiments, 


* Experiments, N° 3, 4, 5,:and 6, 


Putting both the inftruments into a mixture of 
pounded ice and.water, I let them remain there till 
the mercury in the inclofed thermometers refted at 
the point 0°, that is to fay, till they bad acquired 
exafily the temperature of the cold mixture ; and 
then taking them out of it I plunged them fud- 
denly into a large veffel of boiling water, and ob- 
ferved the time required for the mercury to rife in 
the thermometers from ten degrees to ten degrees, 
from 0° to 80°, taking care to keep the water 
conftantly boiling during the whole of this time, 
and taking care alfo to keep the inftruments im- 
merfed to the fame depth, that is to fay, juft fo 
deep that the point o° of the inclofed thermometer 
was'even with the furface of the water. 

‘Bhele Experiments I repeated twice with the ut. 
moft care ; and the following Table gives the refult 
of them, 





he 
Its balb balf an inch in 
eter, thut up in the centre 
a hollow glafs globe, ri inch inla 
diameter, void of air, and ber. 
Imetically fealed. 


16 5547 3 = total time 

heating from 0? to 89°: 

Total time from 9° to 70°: 
8. 


M, 
In Exp. N°3.=11 3 In Exp. N° 5.27.45 
In Exp. N°g.=10 34 In Exp. N°6.=7 25 


Medium=10 482 Medium=7 35 





It appears from thefe Experiments that the,con- 
duéing power of air to that of the Torricellian va- 
cuum, under the circumftances defcribed, is as 725 
to 10! inverlely, or as 1000 to 702 nearly ; for the 
quantities of Heat communicated being equal, the 
intenfity of the communication is as the’ times 
inverfely. 

In thefe Experiments the Heat paffed through the 
forsounding medium ito the bulb of the thermo. 

meter : 


meter'sin. order. to réverfe’the Experiment, and 
qake the Heat pafs out of the thermometer, I put 
the. inftruments into boiling water, and-let them 
remain therein till they had acquired. the tempera- 
ture of the. water ; that is to fay, till the mercury 
in the inclofed thermometers ftood at 80°; and 
then, taking them out of the boiling water, I 
plunged them fuddenly into a mixture of water 
and, pounded ice, and moving them about conti- 
nually in this mixture, 1 obferved the times em- 
ployed in cooling as follows : 







tate, 
Thermometer N71. rmometer N° 2. © 


Surrounded by a Torriccllian 











Surrounded by air. 
vacuum. _ 
‘Taken out of boiling water, and\Taken out of boiling water, 
plunged into freezing ‘water. | plunged into freening water. 
Time elapfed. 





Time elapfed. 
Heat loft 








| Heat loft. 

















Exp. No7. Exp. Nes. Exp. Nog. Exp. Noro. 

80° Boe 
M.Se- M.S. ° M.S. M.S. A 
12 054 jo ©3300 33 Jo 
o 58 12 60 © 39 © 34 60 
riz 118° 50 044 «6044 52 
“146 ~ 1 37 40 oss OSS 40 
25 2 16 30 117 118 39 
314 3 10° 20 157 1 57 20 

5 42° 


4 5 59 to |}, 3 4 3 10 
Not obferved. Not obferved. o 40 10 Not aufirved. ° 
‘Total time of cooling from 8o%/Total time of cooling from 0’ 





to 10% to 10% 
In Exp. N'y.cit6. 4 In Exp. N° 9.=9°49 
n Exp. N°7.=16 4 n Exp. N° 9.=: 
Te Exp N° 6.216 16 «© In Exp, N° hee 2? 





“Medium=16. 10 z Medium=9 45 _ 


By 


in various Subftancts. a5 

By thefe Experiments it appears, that the con» 
ducting power of -air is to that of the Torricelliag 
vacuum as 9$§ to 16;¢ inverfely, or as 1000 ta 
603. 

To determine whether the fame law would ‘hold 
good when the heated thermometers, inftead of be- 
ing plunged into freezing water, were fuffered to 
cool in the open air, | made the following Experis 
ments. The thermometers N° 1 and N° 2. being 
again heated in boiling water, as in the laft Experi- 
ments, I took them out of the water, and fufpend- 
ed them in the middle of a large room, where the 
air (which appeared to be perfeétly at reft, the win- 
dows and doors being all fhut) was warm to the 
16th degree of Reaumur’s thermometer, and the 
times of cvoling were obferved as follows: 











wer Nir.) Exp. N712.) 
‘Thermometer Be ‘i jermometer N° 2, 
Surrounded by a Torricellian A 
pak Hee Surrounded by air. 
|Heated to 80°, and fujpended in Hedted to 80°, and fufpended in 
the open air warm to 16°. the open air warm to 16°. 
Time clapfed. Heat loft, Time clapfed, Heat loft, 
— 0° 80" 
M.S, ° M.S. @ 
Not obferved. jo Not obferved. 70 
1 24 60 Ost 60 
14 5° 1s so 
22 40 1 34 40 
4 16 30 2 40 30 









eee . 
10 12 = total time em-} 
lope in cooling from 70°to 30°. 


Here the difference in the condiéiing powers of 
air and of the Torricellian vacuum appears to be 
VOL, 11. FF nearly 
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nearly the fame as in the foregoing Experiments, 
being as 635 to 105% inverlely, or a8 1000 to 605. 
T could not obferve the time of cooling from 80° 
to 79°, being at that time bufied in furfpending the 
inftruments. 

As it might poffibly be obje@ed to the conchu- 
fions drawn from thefe Experiments that, notwith- 
ftanding all the care that was taken in the con- 
ftru€ting of the two inftruments made ule of that 
they fhould be perfeétly alike, yet they might in 
reality be fo far different either in fhape or fize, as 
to oceafion a very fenfible error in the refult of the 
Experiments ; to remove thefe doubts I made the 
following Experiments : 

In the morning towards eleven o’clock, the wea- 
ther being remarkably fine, the mercury in the ba+ 
Yometer ftanding at 27 inches 11 lines, REAUMUR’s 
thermometer at 15°, and the hygrometer at 47°, I 
repeated the Experiment N° 3. (of heating the ther- 
mometer N° 1 in boiling water, &c.) and imme- 
diately afterwards opened the cylinder containing 
the thermometer at its upper end, where it had 
been fealed, and letting the air into it, I re-fealed 
it hermetically, and repeated the Experiment again 
with the fame inftrument, the thermometer being 
now furrounded with air, like the thermometer 
Ne 2. 

The refuk of thefe Experiments, which may be 
{een in the following Table, thews evidently, that 
the error arifing from the difference of the fhapes 
or dimenfions of the two inftruments in queftion 
was inconfiderable, if Qot totally imperceptible. ~" 

aS 
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| Tkxp. Nag.) 


Exp. ) 

Thermometer N° t. The fome Thermonicter (N° 15 
¥ts bulb half an inch in dia- ni 
meter fut up in the centre of| 4, pe gtae globe, containing 
a glafe globe 1" inch in dis-|i ine now filed with airy and 
meter, voided of air, and her-| per ecticalie fealeds 
-| metically fealed. y ’ 

Taken out of freening water,| Taken ott of freening water, 
and plunged into boiling water. |and plunged into boiling water. 


Time clajfed. Heat acquired, | Time elapled. Heat acquited. . 
o 














— °” ee 

M. S. ° Mz S. * 
bd 55 10 © 32 10 
° 55 20 © 32 20 
ee 30 0 43 30 
115 49 © 50 40° 
129 5° ta. 50 
22 60 f 144 Go 
341 qo 2 38 70 
13 44 80 10 35 80 








24 48 = total time of, 18 5 =total time of 
heating from 0° to 80". heating from 0° to 80°. 
Total time from o° to 70° =| Total time from 0° to 70° = 

tT 4 740". 





It appears, therefore, from thefe Experiments, 
that the conduéting power of common atmofpheric 
air is to that of the Torricellian vacuum as 742 to 
11¢- inverfely, or as 1006 to 602; which differs 
but very little from the refult of all the foregoing 
Experiments. 

Notwithftanding that it appeared, from the re- 
folt of thefe laft Experiments, that any difference 
there might poflibly have been in the. forms or 
dimenfions of the inftruments N°1 and N°s 
could hardly have produced any fenfible error 
in the refule of the Experiments in queftion; I 
was willing, however, to fee how far any con- 

FFa fiderable 
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fiderable. alterations of fize in the initrument 
Would affea& the Experiment : I therefore provided 
miyfelf with another inftrument which I fhall call 
Thergometer N°3. different from thofe already de- 
feribed in fize, and a little different in its con- 
ftruction. 

The bulb of the thermometer was of the fame 
form and fize as in the inftruments N° 1 and N° 2: 
that is to fay, it was globular, and half an inch 
in diameter ; but the glafs globe, in the centre.of 
which ‘it was confined, was much larger, being 
3 inches 7$ lines in diameter ; and the bore of 
the tube of the thermometer was much finer, 
and confequently its length, and the divifions of 
its fcale, were greater. The divifions were marked 
upon the tube with threads of filk of different 
colours at every tenth degree, from o” tv 80%, 
as in the before-mentioned inftruments. The 
tube or cylinder belonging to the glafs globe was 
8 lines in diameter, a little longer than the tube 
of the thermometer, and perfeétly cylindrical from 
its: upper end-to its junétion with the globe, being 
without any choak; the thermometer being con- 
fined in the centre of the globe by a different con- 
trivance, which was as follows. ‘To the opening 
of the cylinder was fitted a ftopple of dry wood, 
‘covered with a coating of hard varnifh, through 
the centre or axis of which pafled the end of the 
‘tube of the thermometer : this ftopple confined the 
tube in the axis of the cylinder at. its Upper end. 
To confine it at its lower end, there was fitted to it 
a fmall fteel fpring, a little ‘below the point 0°; 
which, being faftened to the tube of, the thermo- 


meter. 
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meter, had three elaftic points projecting outward, 
which, preffing again{t the infide of the-eylinder, 
confined the thermometer in its place. ‘The totat 
length of this inftrument, from the bottom‘df the 
globe to the upper end of the cylinder, was: 18 
inches,and the freezing point upon the thermometet 
fell about 3 inches above the bulb; confequently 
this point lay about 1} inch above the junction of 
the cylinder with the globe, when the thermometer 
was confined in its place, the centre of its bulb 
coinciding with the centre of the globe. Through 
the ftopple which clofed the end of the cylinder 
pafled two {mall glafs tubes,.about a fine in di- 
ameter, which being about a line longer than the 
ftopple were clofed occafionally with fmall {topples 
fitted to their bores. Thefe tubes (which were 
fitted exaétly in the holes’ bored in the great ftopple 
of the cylinder to receive them, and fixed in their 
places with cement) ferved to cunvey air, or any 
other fluid, into the glafs ball, without its being 
neceflary to reméve the ftopple clofing the end of 
the cylinder; which ftopple, in order to prevent 
the pofition of the thermometer from being eafily 
deranged, was cemented in its place. 

I have been the more particular in the defcription 
of thefe inftruments, as I conceive it to be ab- 
folutely neceffary to have a perfect idea of them 
in-order to judge of the Experiments made with 
them, and of their refults. 

' With the initrument latt defcribed (which I have, 
called Thermometer Ne 3.) 1 made the following; 
“FF Experi 
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Experiment. It was upon the 18th of July 1785, 
in the afternoon, the weather variable, alternate 
clouds and fun-fhine; wind ftrong at S. E. with 
now and then a fprinkling of rain; barometer 
at 27‘inches 10 lines, thermometer at 18° , and 
hygrometer variable from 44° to extreme moifture, 

In order ta compare the refult of the Ex. 
periment made with this inftrument with thofe 
made with the thermometer N° 2. I have placed 
together in the fame Table the different Experis 
ments made with them. 


(Exp. Ne 1 ) (Exp. Nog and No 5.) 
tar NO 4. ‘The: momerer N° 2 
‘Its bulb half an inch in dia Jts bulb bali an inch in diameter, thut 
meter, thut up in the centre of | up in the centre of a glafs gicb:, 1} inch 
‘a glafs tube, 3 inches 71 lines |in diameter, and furrounded by air. 
in diameter, and furrounded by | Tales aut of freeaing water, aod planged ints 
bail 


acquired. 


~ Me 
Time elapfed. Heat acquired. | Exp. Nog. Exp. No 5. Medium, 
. o 


122 
335 


1655 17 3-16 59 = tot 
"| dime Of heating from 0° ‘0 $09. 
‘Time from o° to 70°=7! 35” 


If the agreement of thefe Experiments with the 
thermometers N°2 and N°3 furprifed me, I was 
not lefs furprifed’ with their difagreement in the 
Experiment which follows : 





Experiz 


ae varies Sqpfances, Ah, 


Experiment, N° 16. 
Taking the thermometer N° 3. out of the boiling 
water, I immediately fufpended it in the mfiddle 
of a large room, where the air, which was quiet, 


was at the temperature of 18°g R, and obferved 
the times of cooling as follows : 


Time elapfed. Heat loft. 


—_ 80° 
M.S. ° 
155 7° 
oO 12 60 
2! 33 5° 
215 40 
4.0 3° 





9 55=total time of cooling from 80° to 30°. 

Time from 70” to 30°= 8’ 0”; but in the Experi- 
ment No. 12. with the thermometer N? 2. the 
time employed in cooling from 79° to 30° was 
only 611". In this Experiment, with the ther- 
mometer N° 3. the time employed in cooling from 
G0" to 30° was 7' 48”; but in the above-mentioned 
Experiment, with the thermometer N° 2. it was 
only 5/20”. it is true, the air of the room 
was fomewhat cooler when the former Experiment 
was made, than when this latter was made, with 
the thermometer N° 3; but this difference of tem- 
perature, which was only 2°}, (in the former cafe 
the thermometer in the room ftanding at 16% 
and in the latter at 18°§,). certainly could not i 

FF4 
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‘eceafiotied the whoie of the apparent difference in 
the “refults of the Experiments. 

» Does air receive Heat more readily than it parts 
with it? This is a queftion highly deferving of 
furtlier inveftigation, and I hope tobe able to give 
it a full examination inthe courfe of my projeéted 
inquiries ; but leaving it for the prefent, I fhall pro- 
ceed to give an account of the Experiments which I 
have already made. Conceiving it to be a ftep of 
confiderable importance towards coming at, 2 
further knowledge of the nature of Heat, to 
afcertain, by indifputable evidence, its paflage 
throvgh the Torricellian vacuum, and to deter- 
mine, with as much precifion as poffible, the law 
of its motions in that medium; and.being appre- 
henfive that doubts might arife with refpeét to the 
Experiments before defcribed, on account of the 
contaét of the tubes pf the inclofed thermometers in 
the’ inftruments made ufe of with the containing 
giafs globes, or rather with their cylinders: by 
means of which (it might be fufpeted) that a cer- 
tain quantity, if not all the Heat acquired, might 
poflibly ‘be ‘communicated ; to put this matter 
beyond all doubt, I made the following Experiy 
ment. 

" Yn the middle of a glafs body, of a pear-like 
form, about 8 inches long, and 2! inches in its 
greateft diameter, I fufpended a fmali mercurial 
thermometer, 54 inches long, by a fine thread of 
filk, in fuch a manner that neither the bulb of the 
thermometer, Nor its tube, touched the contain- 
ing glafs body in any part. The tube of the ther. 

mometer. 
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mometer was graduated, and- marked “with: fig 
threads of filk of different coldurs, Boutid-rou 
it, as in the thermometers belonging to the~sther 
inftruments*already' defcribed ; and the thermotne- 
ter ‘was fufpended in its place by ‘means*of a‘feriatt 
fteel fpring, to which the end of the thread-of fife 
which held the thermometer being attached; it 
(the fpring) was forced into a {mall globular pro= 
tuberance or cavity, blown in the upper extremity: 
of the glafs body, about half an inch in diametesg 
where the {pring remaining, the thermometer nex 
ceffarily remained fufpended in the axis of the glaf 
body. There was an opening at the bottom of 
the glafs body, through which the thermometer 
was introduced; and a barometrical tube being 
foldered to this opening, the infide of the glafs 
body was voided of air by means of mercury; 
and this opening being afterwards fealed herme. 
tically, and the barometrical tube being taken away, 
the thermometer was left fufpended in a Tor. 
ricellian vacuum. 

In this inftrument, as the inclofed thermometer 
did not touch the containing glafs body in any part, 
on the contrary, being diftant from its internal 
furface an inch or more in every part, it is clear, 
that whatever Heat pafled into or out of the ther- 
mometer mutft have pafled through the furrounding 
Torricellian vacuum: for it cannot be fuppofed, 
that the fine thread of filk, by which the ther- 
mometer was fufpended, was capable of condu&- 
ing any Heat at aii, or at leaft-any fenfible quantity. 
J therefore fiattered myfelf with hopes of being 

able, 
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able, with the affiftance of this inftrament, to 
determine pofitively with regard to the paflage 
of Heat in the Torricellian vacuum: and this, I 
think, I have dote, notwithftanding an unfortur 
nate‘accident that put it out of my power to purfue. 
the Experiments fo far as I intended. 

This inftrument being fitted to a {mall ftand or 
foot of wood, in fuch a manner that the glafs body 
remained in a perpendicular fituation, I placed it in 
my room, by the fide of another inclofed ther- 
mometer (N° 2.), which was furrounded by air, 
and obferved the effects produced on it by the 
variation of Heat in the atmofphere. I foon dif- 
covered, by the motion of the mercury in the in- 
clofed thermometer, that the Heat paffed through 
the Torricellian vacuum; but it appeared plainly 
from the fluggifhnefs, or great infenfibility of 
the thermometer, that the Heat paffed with much 
greater difficulty in this medium than in cominon 
air. I now plunged both the thermometers into a 
bucket of cold water; and I obferved that the 
mercury in the thermometer furrounded by air 
defeended much fafter than that in the thermome- 
ter furrounded by the Torricellian vacuum. I took 
them out of the cold water, and plunged them 
into a veffel of hot water (having no conveniencies 
at hand to repeat the Experiment in due form with 
-the freezing and with the boiling water); and the 
thermometer furrounded by the Torricellian vae 
cnum appeared ftill to be much more infenfible or 
fluggith than that furrounded by air, 

Thefe 
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Thefe trials were quite fufficient to convince 
me of the paflage of Heat in the Torricelliay 
vacuum, and alfo of the greater difficulty of. its 
paffage in that medium than in common air; but, 
not fatisfied to reft my inquiries here; I took the 
firft opportunity that offered, and fet myfelf to 
Tepeat the Experiments which I had before made 
with the inftruments N°1 and N°2. I plunged’ 
this inftrument into a mixture of pounded ice and 
water, where I let it remain till the mercury in the 
Anclofed thermometer had defcended to o°; when, 
taking it out of this cold mixture, I plunged it 
fuddenly into a veffel of boiling water, and pre- 
pared myfelf to obferve the afcent of the mercury 
in the inclofed thermometer, as in the foregoing 
Experiments ; but unfortunately the moment the end 
of the glafs body touched the boiling water, it 
cracked with the Heat at the point where it had 
been hermetically fealed, and the water ruthing into 
the body, {poiled the Experiment: and 1 have not 
fince had an opportunity of providing myfelf with 
another inftrument to repeat it. 

It having been my intention from the beginning 
to examine the condudting powers of the artificial 
airs or gafles, the thermometer N° 3. was con- 
ftruéted with a view to thofe, Experiments ; and 
having now provided myfelf with a ftock of thofe 
different kinds of airs, 1 began with fixed air, with 
which, by means of water, I filled the globe and 
cylindér containing the thermometer; and {topping 
up the two holes in the great {topple clofing the 
end of the cylinder, 1 expofed the. inftrument in 

freezing 
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freezing water till the mercury in the -inclofed 
thermometer had defcended to 0°; when, taking 
4t- out ‘of the freezing water, I plunged it into a 
large veffel of boiling water, and prepared myfelf 
to Sbferve the times of heating, as in the former 
cafes; but an accident happened, which fuddenly 
put a ftop to the Experiment. Immediately upon 
plunging the inftrument into the boiling water, the 
mercury began to rife in the thermometer with 
fuch uncommon celerity, that it had paffed the firft 
divifion upon the tube (which marked the 1oth 
degree, according to Reaumur’s fcale) before I 
was aware of its being yet in motion; and having 
thus miffed the opportunity of obferving the time 
elapfed when the mercury arrived at that point, I 
was preparing to obdferve its paffage of the next, 
when all of a fudden the ftopple clofing the end of 
the cylinder was blown up the chimney with a 
great explofion, and the thermometer, a#hich, be- 
ing cemented to it by its tube, was taken along 
with it, and was broken to pieces, and deftroyed 
in its fll. 

This unfortunate Experiment, though it put a 
ftop for the time to the inquiries propofed, opened 
the way to other refearches not lefs interefting. 
Sufpeting that the explofion was occafioned by the 
rarefaction of the water which remained attached 
to the infide of the globe and cylinder after the 
operation of filling them with fixed air; and 
thinking it more than probable, that the uncom- 
mon celerity with which the mercury rofe in the 
thermometer was principally owing to the fame 

caufe, 
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caufe, I was led to examine’ the conducting! 

power of moj? air, or air faturated with waters: - 
For this Experiment I providgd myfelf with a- 
new thermometer N® 4.. the balb of which, béing. 
of the fame form as thofe already defcribed (viz: 
globular ) was alfo of the fame fize, or half an inch 
in diameter. To receive this thermometer a glafs. 
cylinder was provided, 8 lines in diameter, and 
about 14 inches long, and terminated at one. end 
by a globe 1} inch in diameter. In the centre of. 
this globe the bulb of the thermometer was cons 
fined, by means of the ftopple which clofed the: 
end of the cylinder; which flopple, being near‘ 
2 inches long, received the end of the tube of 
the thermorffeter into a hole bored -through its 
centre or axis, and confined the thermometer‘in its 
place, without the affiftance of any other appara- 
tus. Through this ftopple two other. fmall holes 
were bored, and lined with thin glafs tubes, as in- 
the thermometer Ne 3. opening.a paffage into the’ 
cylinder, which holes were occafionally flopped np, 
with ftopples of cork; but to prevent accidents, 
fuch as I have before experienced from an ex- 
plofion, great care was taken not to prefs thefe 
ftopples into their places with any confiderable force, 
that they might the more eafily be blown out by any 
confiderable effort of the confined air, or vapour. 
Though in this inftrument the thermometer 
was not altogether fo fteady in its place as in the 
thermometers N° 1, N° 2, and N° 3, the elafticity 
of the tube, and the weight of the mercury in the 
bulb of the thermometer, occafioning a {mall 
vibration 
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vibtatién or trembling of the thermometer upon 
any fudden motion or jar; yet I preferred this 
method to the others, on account of the lower part 
of this thermometer being entirely free, or fuf- 
pended in fuch a manner as not to touch, or have 
any communication with, the lower part-of the 
cylinder or the globe: for though the quantity of 
Heat received by the tube of the thermometer at 
its contaét with the cylinder at its choaks, in the 
fnftruments Ne1 and Ne 2. or with the branches © 
of the fteel {pring in Ne 3. and from thence com- 
municated to the bulb, muft have been exceedingly 
fmall; yet I was defirous to prevent even that, and 
every other poffible caufe of error or inaccuracy. 

Does humidity augment the conudding~power 
of air? 

To determine this queftion I made the following 
Experiments, the weather being clear and fine, the 
mercury in the barometer ftanding at 27 inches 8 
lines, the thermometer at 19°, and the hygrometer 
a 
















in varieus Saiftanes. aig 
x (Exp. Ne 17.) (Exp. Ne 28.) 
Thermometer N° 4. The fame Thermometer (N° 4.) 
Surrounded by air dry to! Surrounded by air rendered 
the 44th degree of the quill| as moif as poffible by wettin, 
hygrometer of the Manheim) the infide of the cylodce and 
Academy. globe with water. 4 
Taken out of freezing water,| Taken out of freezing watery 
and plunged into boiling water. | and plunged into boiling water. 
‘Time elapfed, Heat acquired. Time clapfid. Heat acquired. 
_ 80? o 
M. Ss. e ° 
© 34 10 10 
Fa © 39 20 20 
© 44 30 3° 
ost 4° - 
16 50 50 
135 60 60 
2 40 79 7° 
not obferyed. 80 80 
—= 
8 g = total time of x 51 = total time of 
heating from 0° to 70°. heating from 0° to 70°. 








From thefe Experiments it appears, that the cone 
duéting power of air is very much increafed by hu- 
midity. To fee if the fame refult would obtain 
when the Experiment was reverfed, I now took the 
thermometer with the moi/? air out of the boiling 
water, and plunged it into freezing water; and 
moving it about continually from place to place in 
the freezing water, I obferved the times of cooling, 
as fet down in the following Table. N. B. To com 
pare the refult of this Experiment with thofe made 
with dry air, I have placed on one fide in the fol 
lowing Table the Experiment in queftion, and on 
the other fide the Experiment N° 19. made with 
the thermometer N® 2. 
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{Exp. N° 19.) ~ (Exp. NF 101) 
4 Thermometer N° 4. Thermometer N° 2. 
| Surrounded by moif air. Surroubded by dry airs 


Taken out of boiling water,| Taken out of boiling watery 
end plunged into freezing water. | and plunged into frecning water 












| Time elapted. Heat loft. Time eipfed, Heat loft. 
—_ 80° —— Boe 
M. S- . M.S. i 
Oo 4 jo ° 33 7° 
© 4 60 © 34 60 
0°31 50 © 44 50 
O52 40 oss 40 
122 30 118 308 
2 3 20 157 20 
42 10 3.40 10 
g 8 = total time of 9 12 = total time of| 
cooling from 80" to 10°. __| cooling from 80° to 10°. 








Though the difference of the Whole’ times of 
igooling from 80° to 10° in thefe two Experiments 
appears to have been very fmall, yet the difference 
vf thé times taken up by the firft twenty or thirty 
Weégrees from the boiling point is very remarkable, 
atid fhows with how much greater facility Heat 
paffés in moift air than in dry air. Even the flow- 
nefs with which the mercury in the thermometer 
N° 4. defcended in this Experiment from the 30th 
to the 2oth, and from the 2oth to the 1oth degree, 
Lattribute in fome meafure to the great conducting 
power of the moift air with which it was fur- 
rounded ; for the cylinder containing the thermos 
meter and the moift air, being not wholly fubmerged 
in the freezing water, that part of it which remained 
out of the water was neceflarily furrounded by the 

air 
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air of the atmofphere; which being much warmer 
than’the water, communicated of its Heat to the 
glafs ; which, Pafling from thence into the con- 
tained moift air as foon as that air became colder 
than the external air, was, through that medium, 
communicated to the bulb of the inclofed thermo- 
meter, which prevented its cooling fo faft as it 
would otherwife have done. But when the weather 
becomes cold, 1 propofe to repeat this Experiment 
_with variations, in fuch a, manner as to put the mat+ 
ter beyond all doubt. In the mean time I cannot 
help obferving, with what infinite wifdom and good- 
nefs Divine Providence appears to have guarded us 
againft the evil effetts of exceflive Heat and Cold 
in the~zixoiphere 5 for if it were poffible for the 
air to be equallydamp during the fevere cold of the 
winter months as it fometimes is in fummer, its 
conduéting power, and confequently its apparent 
coldnefs, when applied to our bodies, would be fo 
much increafed, by fuch an additional degree of 
moifture, that it would become quite intolerable 5 
but, happily for us, its power to hold water in fo- 
lution is diminifhed, and with it its power to rob us 
of our animal heat, in proportion as its coldnefs 
is increafed. Every body knows how very dif+ 
agreeable a very moderate degree of cold is when 
the air is very damp; and from hence it appears, 
why the thermometer is not always a juft meafure 
of the apparent or fenfible Heat of the atmofphere. 
Tf colda or catarrhs are occafioned by our bodies 
Being’ robbed of our animal heat, the reafon is 
plain why thole diforders prevail moft during the 

You. uM. oq cold 
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cold autumnal rains, and upon the breaking up of 
the froft in the fpring. It is likewife plain from 
whence it is that fleeping in damp beds, and in- 
habiting damp houfes, is fo very dangerous; and 
why'the evening air is fo pernicious in fummer and 
in autumn, and why it is not fo during the hard 
frofts of winter. It has puzzled many very able 
philofophers and phyficians to account for the 
manner in which the extraordinary degree or rather 
quantity of Heat is generated which an animal body 
is fuppofed to lofe, when expofed to the cold'of 
winter, above what it communicates to the fur- 
rounding atmofphere in warm fummer weather 5 
but is it not more than probable, that the difference 
of the quantities of Heat, actually loft or commu- 
nicated, is infinitely lefs than what they “have ima- 
gined? Thefe inquiries are certainly very intereft- 
ing; and they are undoubtedly within the reach 
of well contrived and well conduéted Expe:iments. 

But taking my leave for the prefent of this curious 
fubjeét of inveftigation, I haften to the fequel of my 
Experiments. 

Finding fo great a difference in the conduéting 
powers of common air and of the Torricellian va- 
cuum, I was led to examine the conducting powers. 
of common air of different degrees of denfity. 
For this Experiment I prepared the thermometer 
N° 4. by ftopping up one of the finali glafs tubes 
pafling through the ftopple, and opening a paflage 
into the cylinder, and by fitting a valve to the ex 
ternal overture of :the other. The inftrumenty 
thus prepared, being put under the receiver of an, 

air- 
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sir-pump, the air paffed freely out of the globe and 
cylifder upon working the machine, but the valve 
‘Above defcribed prevented its return upon letting 
air into the receiver. ‘Che gage of the air-pump 
fhowed the degree of rarity of the air under the re- 
ceiver, and confequently of that filling the globe and 
cylinder, and immediately furrounding the ther- 
mometer. 

With this inftrument, the weather being clear 
and fine, the mercury in the barometer ftanding 
‘at 27 inches g lines, the thermometer at 15°, and 
the hygrometer at 47°, I made the following Ex- 
periments. 


races (Exp. No an) (Exp. No az.) 
Thermometer NO 4. ‘Thermometer NO 4. ‘Thermometer NO 4- 
Surrounded by com-¥© Surrounded by airra- | Surrounded by air ra~ 


mon air, — barometer | refied bypumping till the | refied bypumping till tie 
ftanding at 27 inches | barometer-vage ftood at | barometer-gage ftuod at 
9 lines. 6 inches 11 lines. 1 inch 2 lines. 

Taken out of freexing| Taken cat of freening | Taken cut of freexing 
‘water, and fluiged into\ water, and plunged into | avaccr, and plunged into 
boiling swater. bouling water. bciling 
— 


Time — Heat Time Heat ime 
elapfed, acquired, elapfed, acquired. elapled. acquired. 
a oe oo o 
MS. 6 E 
o3r 10 10 
040 © 20 20 
o4t 30 x”? 
O47 Cnd bes 
14 50 
12h be. & 
228 © 70 70 
1017 80 Bo 
7 36 = total time 7 37 = total time 
of heating from 0° to'jof heating from 0° to 
70°. 70°. 











The refult of thefe Experiments, I confefs, furs 
prifed me not a litile; but the difcovery of truth 
oo2 being 


